Abstract -Causal scheduling-dropping policies for multiclass traffic with deadlines are considered. Packets with deadlines and class labels arrive in discrete time and are either scheduled by their deadlines or dropped on or possibly before their deadlines. Emphasis is on the case that there are two classes of traffic, and on causal policies which at any given time base decisions on arrivals up to that time. First the causal scheduling-dropping policies that maximize total throughput are identified. Then those schedulingdropping policies with the greatest throughput for the high priority class, subject to being causal and maximizing total throughput, are identified.
I . INTRODUCTION
The basic multiplexing problem, in which several streams of packets are to be merged, arises in many applications, in both high speed networks and wireless communication networks. Multiple classes of traffic may be present, with some having higher priority than others. In some situations, packets arrive with deadlines after which they will expire unless they are already scheduled for the merged stream. The focus of this paper is the scheduling of traffic with multiple priorities and deadlines into a single merged stream. In addition, policies for dropping some packets strictly before their deadline are considered. Two motivations for such early dropping are to reduce the buffer space required, and to enable negative acknowledgments to be issued earlier (but we don't explicitly consider the effects of negative acknowledgments on arrival streams).
PROBLEM FORMULATION
Each packet takes one slot to be scheduled, and the deadline d(p) of a packet p is the last slot in which it can be scheduled.
An arrival sequence A is a sequence A = (A, : n 2 1) such that A, is the set of packets arriving in slot n. The sets A, are assumed to be mutually disjoint, and d(p) 2 n for all p E A,.
A schedule for an arrival sequence A is a sequence (p, :
n 2 1) such that for each n either pn = A (indicating that no packet is scheduled in slot n), or pn E AI U.. . U A, with n 5 d(p,). Also, no packet appears in a schedde more than once. A scheduling policy R gives a schedule ( x ( A , n ) : n 2 1) for each arrival sequence A. A policy R is causal if ~( d n ) depends only on A I , . . . , A,.
Policies which not only schedule packets, but which also drop some packets without scheduling, are considered next. Such policies are called scheduling-dropping policies. Given the set of packets S, available for scheduling in a slot n, a scheduling-dropping policy specifies a set Qn C S, of packets to be retained, as well as a packet (if any) R(& n) to be scheduled in slot n. Packets in S, -Qn are simply dropped from the system without ever being scheduled. By convention, we agree that the set Qn includes the packet to be scheduled in slot n, if any. A scheduling-dropping policy K is causal if both *(A,n) and Qn depend only on AI ,..., A,. A schedulingdropping policy R is said to be throughput optimal (TO) if, for any arrival sequence A and any n 2 1, policy R schedules at least as many packets in slots (1,. . . ,n} as any other policy. Of course, any TO scheduling policy (with no dropping) can be viewed as a TO scheduling-dropping policy (with Qn = S,). However, for many arrival sequences it is possible to drop packets without loss of throughput.
Suppose now that each packet is either of class 1 (high priority) or class 2 (low priority). A causal scheduling-dropping policy R is said to be maximum class one subject to throughput optimal (MOSTO) if, for any arrival sequence A and any n 2 1, policy ?r schedules at least as many class one packets in slots (1,. . . , n } as any other TO policy. It is not immediately clear from the definition that MOSTO policies actually exist, because we seek a single definite choice that is as good as any other, no matter what the future arrival sequence. However they do exist.
SUMMARY OF RESULTS
In the full version of this paper, available at http://tesla.csl.uiuc.edu/-hajek/ we characterize all TO and, for two classes of traffic, all MOSTO scheduling-dropping policies. The form of the results is as follows. If S is the set of packets available at the beginning of a slot, and if Q is the set of packets retained after some packets are dropped from S, then, in a sense made precise in our paper, Q must cover the same sets of slots that S does, in order that the TO property not be violated by the dropping, no matter what the future arrival stream. A refined version of the covering notion is given for preserving the MOSTO property. That is how we characterize optimal dropping; the characterization of optimal scheduling follows. Assuming the set of packets Q is nonempty, a nonempty subset @(Q) of Q is identified such that the TO property is insured if and only if a packet fiom Q is scheduled in the slot. The same type of characterization is also given for the MOSTO property.
Our characterization of MOSTO scheduling-dropping policies provides a useful framework for the development of particular scheduling algorithms which have low complexity and which require the minimum amount of buffer space.
